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What is claimed is: 




1 \l. An interconnect structure, comprising : 

2 a lower level wire having a side anp a bottom, said 

3 lower level wire comprising a lower care conductor and a 

4 lower conductive liner, said lower conductive liner on the 

5 side and the bottom of said lower leyvel wire; 

6 an upper level wire having a sride and a bottom, said 

7 upper level wire comprising an upper core conductor and an 

8 upper conductive liner, said upoer conductive liner on the 

9 side and the bottom of said upjD'er level wire; and 
said upper conductive liner in contact with said lower 

11 core conductor and also in contact with said lower 



1 2. The interconnect /iwructure of claim 1, wherein said 

2 lower level wire is formed by a damascene process in a lower 

3 level dielectric and sa/d upper level wire is formed by a 

/ 

4 damascene process in a»n upper level dielectric. 



1 3. The interconnect structure of claim 1, wherein said 

/ 

2 upper and lower core conductors are selected from the group 
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3 consisting of copper, aluminum, aluminum-copper and 

4 aluminum-copper-silicon. 



1 4. The interconnect structure of claim 1, wherein said 

2 upper and lower conductive liners are /selected from the 

3 group consisting of tantalum, tantalum nitride, titanium, 

4 titanium nitride, tungsten and combinations thereof. 



1 5. The interconnect structure of claim 1, wherein said 

2 lower conductive liner includes an upper edge having an 

3 inner surface, an outer surface, and a top surface and said 

4 upper conductive liner contacts one or more of said inner, 

/ 

5 outer and top surfaces bdv^orm said liner-to-liner contact 



6 region. /\ 



1 6. The interconnect structure of claim 1, wherein said 

/ 

2 liner-to liner contact region comprises a first portion co- 

3 extensive with said lower conductive liner on a portion of a 

/ 

4 first side of said lower level wire under said upper level 

5 wire. 
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1 7. The interconnect structure of claim 6, wherein said 

2 liner-to liner contact region further comprises a second 

3 portion co-extensive with said lower conductive liner on a 

4 portion of a second side of said lower /level wire under said 

5 upper level wire. 

1 8. The interconnect structure /of claim 7, wherein said 

2 liner-to-liner contact region further comprises a third 

3 portion co-extensive with said lower conductive liner on an 

4 end of said lower level wire under said upper level wire. 



1 9. The interconnect stricture of claim 2, wherein said 

2 first and second dielectr^afey'are selected from the group 

3 consisting of silicon oxid'ev silicon nitride, diamond, 

4 fluorine doped silicon oxide, spin on glass, porous silicon 

/ 

5 oxide, polyimide, polyiraide siloxane, polysilsequioxane 

/ 

6 polymer, benzocyclobutene, paralyene N, paralyene F, 

7 polyolefin, poly-naphthalene, amorphous Teflon, SILK™, 

/ 

8 black diamond, polyme'r foam, aerogel, air, dielectric gases, 

9 a partial vacuum and/ combinations thereof. 
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1 10. An interconnect structure, comprisinc 

2 a lower level wire having a side and a ybottom, said 

3 lower level wire comprising a lower core conductor and an 

4 lower conductive liner, said lower conduc/tive liner on the 

5 side and the bottom of said lower level/wire; 

6 an upper level wire having a side/ and a bottom and a 

7 via integrally formed in the bottom ok said upper level 

8 wire, said via have a side and a bottom, said upper level 

/ 

9 wire and said via each comprising ^n upper core conductor 

10 and an upper conductive liner, sy.d upper conductive liner 

11 on the side and the bottom of\ald upper level wire and on 

12 the side and bottom of said via/ajand 

r 

13 said upper conductive liner on the bottom of said via 

14 in contact with said lower core conductor and also in 

/ 

15 contact with said lower conductive liner in a liner-to-lmer 

16 contact region. 



1 11. The interconnect' structure of claim 10, wherein 

2 said lower level wire is/ formed by a damascene or dual 

3 damascene process in a Lower level dielectric and said upper 

4 level wire is formed b/ a dual-damascene process in an upper 

5 level dielectric. 
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1 12. The interconnect structure of claim 10, wherein 

2 said upper and lower core conductors are /selected from the 

3 group consisting of copper, aluminum, aluminum-copper and 

4 aluminum-copper-silicon . 



1 13. The interconnect structure of claim 10, wherein 

2 said upper and lower conductive liners are selected from the 

3 group consisting of tantalum, tantalum nitride, titanium, 

4 titanium nitride, tungsten and combinations thereof. 

/ 

1 14. The interconnect structure of claim 10, wherein 

2 said lower conductive liner includes an upper edge having an 

3 inner surface, an outer surface, and a top surface and said 

4 upper conductive liner on mr^fe bottom of said via contacts 

5 one or more of said inner, outer and top surfaces to form 

6 said liner-to-liner contaqx region. 



1 15. The interconnect structure of claim 10, wherein 

2 said liner-to liner conuact region comprises a first portion 

3 co-extensive with said ^flLower conductive liner on a portion 

4 of a first side of said lower level wire under said via. 
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1 16. The interconnect structure of ^Laim 15, wherein 

2 said liner-to liner contact region further comprises a 

3 second portion co-extensive with saic^ lower conductive liner 

/ 

4 on a portion of a second side of said lower level wire under 



/ 



5 said via, 



1 17. The interconnect structure of claim 16, wherein 

2 said liner-to-liner contact region further comprises a third 

3 portion co-extensive with said lower conductive liner on an 

4 end of said lower level wire under said via. 



1 18. The interconnect/structure of claim 10, wherein- 

2 said liner-to liner contact region comprises a first portion 

3 co-extensive with said ljd^eft conductive liner on a portion 

4 of a first side of said/ lower level wire under said via and 

5 a second portion co-ext/ensive with said lower conductive 

in 



6 liner on a portion of 

7 said via. 



1 



19. The interconnect structure of claj.m 11, wherein 



2 said first and second 

3 group consisting of s 
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4 fluorine doped silicon oxide, spin on glass/ porous silicon 

5 oxide, polyimide, polyimide siloxane, poly/silsequioxane 

6 polymer, benzocyclobutene, paralyene N, /paralyene F, 

7 polyolefin, poly-naphthalene, amorphou'slVref Ion, SILK™, 

8 black diamond, polymer foam, aerogel/ atr, dielectric gases, 

9 a partial vacuum and combinations thereof. 
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1 A 20. An interconnect structure, comprising : 

2 - a lower level wire having a siae and a bottom, said 

3 lower level wire comprising a lowej core conductor and an 

4 lower conductive liner, said lower conductive liner on the 

5 side and the bottom of said lower level wire; 

6 an upper level wire having/a side and a bottom and an 



7 array of vias integrally formed in the bottom of said upper 

iid ar 

i, said upper level wir 



8 level wire, each via of said array of vias having a side and 

9 a bottom, said upper level w/re and each via comprising an 
10 upper core conductor and an/upper conductive liner, said 



11 upper conductive liner on the side and the bottom of said 

12 upper level wire and on the side and bottom of each via; and 

13 said upper conductive liner on the bottom of each via 

14 of a first portion of sa^-d array of vias in contact with 

15 said lower core condujsAipr and each via of a second portion 

16 of said array of vias Alii contact with said lower core 

17 conductor and also in /contact with said lower conductive 

18 liner in liner-to-liner contact regions. 



1 21. The interconnect structure of claim 20, wherein 

2 said lower conductive liner includes an upper edge having an 

3 inner surface, an outer surface, and a top surface and said 
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4 upper conductive liner on the bottony of vias of said second 

5 portion of said array of vias contact one or more of said 

6 inner, outer and top surfaces to fprm said liner-to-liner 

7 contact region. 

1 22. The interconnect structure of claim 20, wherein 

2 said liner-to liner contact region comprises first portions 

3 co-extensive with said lower /conductive liner on portions of 

4 first sides of said lower level wire under vias of said 

5 second portion of said array of vias. 

1 23. The interconnect structure of claim 22, wherein 

2 said liner-to liner contact region further comprises second 

3 portions co-extensive with said lower conductive liner on 

4 portions of second sra^s of said lower level wire under vias 

/v 

5 of said second portion ^of said array of vias, 

1 24. The interconnect structure of claim 23, wherein 

2 said liner-to-liner contact region further comprises a third 

3 portion co-extenslve with said lower conductive liner on an 

4 end of said lower /level wire under vias of said second 

5 portion of said a/rray of vias. 
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1 ^25. An interconnect structure, comprising: 

2 a lower level wire having a side ar/d a bottom and one 

3 or more integral extensions each extension having a side and 

4 a bottom , said lower level wire and/extensions comprising a 

5 lower core conductor and an lower^conductive liner, said 

6 lower conductive liner on the side and the bottom of said 

7 lower level wire and said extensions; 



8 an upper level wire having a side and a bottom and an 

9 array of vias integrally formed in the bottom of said upper 



10 level wire, each via of sa^d array of vias having a side and 

11 a bottom, said upper level wire and each via comprising an 

12 upper core conductor and/ an upper conductive liner, said 

13 upper conductive liner /on the side and the bottom of said 

14 upper level wire and on the side and bottom of each via; and 

15 said upper cona^ctlve liner on the bottom of each said 

16 via of a first portio\^of said array of vias in contact with 

17 said lower core conductor of said lower level wire and a 

18 second portion of /said array of vias in contact with said 

19 lower core conductor of said extensions and also in contact 

20 with said lower conductive liner of said extensions in 

21 liner-to-liner contact regions. 
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1 26. The interconnect structure of clajj 25, wherein 

2 said lower conductive liner on said extension includes an 

3 upper edge having an inner surface, an outer surface, and a 

4 top surface and said upper conductive/liner on the bottom of 

5 vias of said second portion of said /array of vias contact 

6 one or more of said inner, outer and top surfaces to form 

7 said liner-to-liner contact regie" 




1 27. The interconnect structure of claim 25, wherein 

/ 

2 said liner-to liner contact region comprises first portions 

/ 

3 co-extensive with said lower conductive liner on portions of 

4 first sides of said extensions of said lower level wire 

5 under vias of said second/portion of said array of vias. 



1 28. The interconnect structure of claim 27, wherein 

2 said liner-to liner contact region further comprises second 



3 portions co-extensivj with said lower conductive liner on 

4 portions of second sides of said extensions of said lower 

5 level wire under vi/s of said second portion of said array 

6 of vias. 
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1 29. The interconnect structure of claim 28, wherein 

2 said liner-to-liner contact /region further comprises a third 

3 portion co-extensive with said lower conductive liner on an 

4 end of said lower level wiM^Cunder vias of said second 



5 portion of said array of vias 



ffl 
IB 
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1 '30. An interconnect structured comprising: 

/ 

/ 

2 a lower level wire having a/ side and a bottom, said 

3 lower level wire comprising a /lower core conductor and a 

4 lower conductive liner, said lower conductive liner on the 

5 side and the bottom of said lower level wire; 

6 one or more dielectric/pillars formed in said lower 

7 level wire, said lower conductive liner on sides of said 

8 dielectric pillars; / 

9 an upper level wire /having a side and a bottom, said 

10 upper level wire comprising an upper core conductor and an 

11 upper conductive liner, /saM upper conductive liner on the 

12 side and the bottom of /said* upper level wire; and 

13 said upper conductive liner in contact with said lower 

14 core conductor and also in contact with said lower 

15 conductive liner on tie sides of said dielectric pillars in 

16 liner-to-liner contact regions. 
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31. An interconnect structure, comprising: 

a lower level wire having a. side and a bottom, said 



3 lower level wire comprising a/lower core conductor and an 

4 lower conductive liner, said/ lower conductive liner on the 

5 side and the bottom of saigl lower level wire; 



6 one or more dielectric pillars formed in said lower 

7 level wire, said lower cpnductive liner on sides of said 

8 dielectric pillars; 

9 an upper level wire having a side and a bottom and one 



10 or more vias integrally formed in the bottom of said upper 

11 level wire, each via /having a side and a bottom, said upper 

12 level wire and each Aria comprising an upper core conductor 

13 and an upper conductive liner, said upper conductive liner 

14 on the side and th£ fcrqttom of said upper level wire and on 

15 the side and bottcfm ol^^ach via; and 

16 said upper conductive liner on the bottom of at least a 

17 portion of said one or more vias in contact with said lower 

18 core conductor and at least a portion of said one or more 

19 vias in contact /with said lower conductive liner on said 

20 side of at least a portion of said one or more dielectric 

21 pillars in linejr-to-liner contact regions. 
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1 32. The interconnect structure of cla/m 31, wherein 

2 said lower conductive liner on the side /of said one or more 

// 

3 dielectric pillars includes an upper ^dge having an inner 

4 surface, an outer surface, and a top surface and said upper 

5 conductive liner on the bottom of /vias of said second 



6 portion of said array of vias contact one or more of said 

7 inner, outer and top surfaces^o form said liner-to-liner 

8 contact region. 

1 33. The interconnect/ structure of claija 31, wherein 

2 said liner-to liner conteaot\:egion comprises first portions 

3 co-extensive with said /lower conductive liner on portions of 

4 first sides of said dielectric pillars under said vias. 

1 34. The interconnect structure of claim 33, wherein 

/ 

2 said liner-to liner /contact region further comprises second 

3 portions co-extensive with said lower conductive liner on 

4 portions of second /sides of said dielectric pillars under 

5 said vias. 

1 35. The interconnect structure of claim 34, wherein 

2 said liner-to-liner contact region further comprises a third 
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3 portion co-extensive with said^lpver conductive liner on 

4 portions of third sides of v s^id dielectric pillars under 

5 said vias. 
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1 36. A method of fabricating an interconnect structure, 

2 comprising: 

3 providing a substrate; 

4 forming, on said substrate, a lower level wire having a 



5 side and a bottom, said lower level wire comprising a lower 

6 core conductor and a lower conductive liner, said lower 

7 conductive liner formed on the side and the bottom of said 

8 lower level wire; 

9 forming an upper level wire having a side and a bottom, 

10 said upper level wire comprising an upper core conductor 

11 and an upper conductive liner, said upper conductive liner 

12 formed on the side and the bottom of said upper level wire; 

13 and 

14 aligning said lower level wire with said upper level 

15 wire such that said upper conductive liner contacts said 

16 lower core conductor and also contacts said lower conductive 

17 liner to form a liner-to-liner contact region. 

1 37. The method of claim 36, wherein said lower level 

2 wire is formed by a damascene process in a lower level 

3 dielectric layer and said upper level wire is formed by a 

4 damascene process in an upper level dielectric layer. 

BUR920000215US1 

57 



1 38. The method of claim 36, wherein said upper and 

2 lower core conductors are selected from the group consisting 

3 of copper, aluminum, aluminum-copper and aluminum-copper- 

4 silicon. 

1 39. The method of claim 36, wherein said upper and 

2 lower conductive liners are selected from the group 

3 consisting of tantalum, tantalum nitride, titanium, titanium 

4 nitride, tungsten and combinations thereof. 

1 40. The method of claim 37, wherein said first and 

2 second dielectrics are selected from the group consisting of 

3 silicon oxide, silicon nitride, diamond, fluorine doped 

4 silicon oxide, spin on glass, porous silicon oxide, 

5 polyimide, polyimide siloxane, polysilsequioxane polymer, 

6 benzocyclobutene, paralyene N, paralyene F, polyolefin, 

7 poly-naphthalene, amorphous Teflon, SILK™, black diamond, 

8 polymer foam, aerogel, air, dielectric gases, a partial 

9 vacuum and combinations thereof. 
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1 41. A method of fabricating an interconnect structure, 

2 comprising : 

3 providing a substrate; 

4 forming, on said substrate, a lower level wire having a 

5 side and a bottom, said lower level wire comprising a lower 

6 core conductor and an lower conductive liner, said lower 

7 conductive liner formed on the side and the bottom of said 

8 lower level wire in a lower dielectric layer; 

9 forming an upper level wire having a side and a bottom 

10 and a via integrally formed in the bottom of said upper 

11 level wire, said via having a side and a bottom, said upper 

12 level wire and said via each comprising an upper core 

13 conductor and an upper conductive liner, said upper 

14 conductive liner formed on the side and the bottom of said 

15 upper level wire and on the side and bottom of said via; and 

16 aligning upper level wire with said lower level wire 

17 such that said upper conductive liner on the bottom of said 

18 via contacts said lower core conductor and also contacts 

19 said lower conductive liner to form a liner-to-liner contact 

20 region. 
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1 42. The method of claim 41, wherein said lower level 

2 wire is formed by a damascene process in a lower level 

3 dielectric layer and said upper level wire is formed by a 

4 damascene process in an upper level dielectric layer. 

1 43. The method of claim 41, wherein said upper and 

2 lower core conductors are selected from the group consisting 

3 of copper, aluminum, aluminum-copper and aluminum-copper- 

4 silicon. 

1 44. The method of claim 41, wherein said upper and 

2 lower conductive liners are selected from the group 

3 consisting of tantalum, tantalum nitride, titanium, titanium 

4 nitride, tungsten and combinations thereof. 

1 45. The method of claim 41, wherein said first and 

2 second dielectrics are selected from the group consisting of 

3 silicon oxide, silicon nitride, diamond, fluorine doped 

4 silicon oxide, spin on glass, porous silicon oxide, 

5 polyimide, polyimide siloxane, polysilsequioxane polymer, 

6 benzocyclobutene, paralyene N, paralyene F, polyolefin, 

7 poly-naphthalene, amorphous Teflon, SILK™, black diamond, 
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8 polymer foam, aerogel, air, dielectric gases, a partial 

9 vacuum and combinations thereof. 
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1 '46. A method of forming an interconnect structure, 

2 comprising: 

3 providing a substrate; 

4 forming, on said substrate, a lower level wire having a 



5 side and a bottom, said lower level wire comprising a lower 

6 core conductor and a lower conductive liner, said lower 

7 conductive liner formed on the side and the bottom of said 

8 lower level wire; 



9 forming one or more dielectric pillars in said lower 

10 level wire, said lower conductive liner formed on sides of 

11 said dielectric pillars; 

12 forming an upper level wire having a side and a bottom, 



13 said upper level wire comprising an upper core conductor 

14 and an upper conductive liner, said upper conductive liner 

15 formed on the side and the bottom of said upper level wire; 

16 and 

17 aligning said upper level wire with said lower level 

18 wire such that said upper conductive liner contacts said 

19 lower core conductor and also contacts said lower conductive 

20 liner on the sides of said dielectric pillars to form liner- 

21 to-liner contact regions. 
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1 47. A method of fabricating an interconnect structure, 

2 comprising: 

3 providing a substrate; 

4 forming, on said substrate, a lower level wire having a 



5 side and a bottom, said lower level wire comprising a lower 

6 core conductor and an lower conductive liner, said lower 

7 conductive liner formed on the side and the bottom of said 

8 lower level wire; 



9 forming one or more dielectric pillars in said lower 

10 level wire, said lower conductive liner formed on sides of 

11 said dielectric pillars; 

12 forming an upper level wire having a side and a bottom 



13 and one or more vias integrally formed in the bottom of said 

14 upper level wire, each via having a side and a bottom, said 

15 upper level wire and each via comprising an upper core 

16 conductor and an upper conductive liner, said upper 

17 conductive liner formed on the side and the bottom of said 

18 upper level wire and on the side and bottom of each via; and 

19 aligning said upper level wire to said lower level wire 

20 such that said upper conductive liner on the bottom of at 

21 least a portion of said one or more vias contacts said lower 

22 core conductor and at least a portion of said one or more 
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23 vias contacts said lower conductive liner on said side of at 

24 least a portion of said one or more dielectric pillars to 

25 form liner-to-liner contact regions. 

1 48. The method of claim 47, wherein said lower level 

2 wire is formed by a damascene process in a lower level 

3 dielectric layer and said upper level wire is formed by a 

4 dual-damascene process in an upper level dielectric layer. 

1 49. The method of claim 47, wherein said upper and 

2 lower core conductors are selected from the group consisting 

3 of copper, aluminum, aluminum-copper and aluminum-copper- 

4 silicon. 

1 50. The method of claim 47, wherein said upper and 

2 lower conductive liners are selected from the group 

3 consisting of tantalum, tantalum nitride, titanium, titanium 

4 nitride, tungsten and combinations thereof. 

1 51. The method of claim 47, wherein dielectric pillars 

2 are formed from material selected from the group consisting 

3 of silicon oxide, silicon nitride, diamond, fluorine doped 
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4 silicon oxide, spin on glass, porous silicon oxide, 

5 polyimide, polyimide siloxane, polysilsequioxane polymer, 

6 benzocyclobutene, paralyene N, paralyene F, polyolefin, 

7 poly-naphthalene, amorphous Teflon, SILK™, black diamond, 

8 polymer foam, aerogel, air, dielectric gases, a partial 

9 vacuum and combinations thereof. 

1 52. The method of claim 48, wherein said first and 

2 second dielectrics are selected from the group consisting of 

3 silicon oxide, silicon nitride, diamond, fluorine doped 

4 silicon oxide, spin on glass, porous silicon oxide, 

5 polyimide, polyimide siloxane, polysilsequioxane polymer, 

6 benzocyclobutene, paralyene N, paralyene F, polyolefin, 

7 poly-naphthalene, amorphous Teflon, SILK™, black diamond, 

8 polymer foam, aerogel, air, dielectric gases, a partial 

9 vacuum and combinations thereof. 
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